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Abstract 
The home-made combers mainly are mechanical. The comber movement system has some complex factors such as 
strong coupling, multi-changing and nonlinearity. Thus, only using the traditional methods can’t implement a 
comprehensive monitoring on the combers, and this has blocked the further development of China’s textile industry 
to a great extent. Based on these unfavorable factors, the authors put forward an intelligent fuzzy control method in 
this paper, and analyze the technological process and dynamic characteristics of the combers and hence establish the 
control system model for the transmission part. In this paper, through the characteristics and operation flow of the 
combers, the research and development of the intelligent PID system are introduced. The development of the 
intelligent PID system of the high-efficiency comber can improve the automatic control technology and also can 
acquire the considerable economic benefits. Therefore, it has a significant promotion role in the technical innovation 
of the traditional textile industry. 
© 2011 Published by Elsevier Ltd. 
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The study of this paper sources from the cotton manufacturing enterprises renovation projects, and 
aims to analyzing the problems and current situation of the home-made combers in the aspect of motor 
control, taking these projects as the main renovation direction, and also applying the intelligent PID 
adjusting method to the comber. Hence, this paper can provide a scientific reference for the automation 
renovation of the high-efficiency combers. In this paper, the SXF1269A comber and the simplified 
methods are used to research the technological process and the movement coordination, establish the 
mathematical model and hence make the design for the control system software and hardware. 
1. The control method and structure of the comber control system
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1.1 Intelligent PID control method 
PID is the proportion-integral-differential controller. It has two control models, which are open-loop 
and closed-loop. Due to the stable and reliably operational advantages, PID becomes the technology 
which is used the most widely in the industrial control. 
1.2 The typical structure of intelligent PID controller 
In recent years, intelligent control and the conventional PID control can be combined, and hence form 
the so-called intelligent PID control. 
(1) Hybrid Parallel Structure: A conventional integral controller and a two-dimensional fuzzy controller 
are combined in parallel, as shown in the figure 1. 
 
Figure 1: The Hybrid Parallel Fuzzy PID Control 
(2) Hybrid Series Structure: Fuzzy controller and PID controller are combined in series, as shown in the 
figure 2. 
 
Figure 2: The Hybrid Series Fuzzy PID Control 
The controlling role of the fuzzy controller is quite rough, making the steady state control precision 
low. Therefore, it is necessary to implement a switching control on fuzzy controller and PID controller. 
2. Design and implementation of the intelligent PID system hardware 
2.1 On-site data acquisition device 
(1) Sensor: To monitor the operation of all parts of the monitoring system, the related software close to 
sensor can be used for the implementation. The working model of the sensor is non-contacted. Through a 
comprehensive consideration, the Bi-EH04-AP6x Hall proximity switch is selected. 
(2) Encoder: Five encoders (UC1, UC3, UC4 UC2 and UC5) and two synchronous motors (M1 and M2) 
are used for the transmission part of comber. UCl, UC2, UC3 and UC4 are incremental encoders, while 
UC5 is a length measuring encoder. 
2.2 Design of transmission system frequency conversion control 
AC adjustable speed drive mainly uses the electronic power converter. In addition to frequency 
conversion, it has also these features: (1) make the ordinary asynchronous motors realize stepless 
variable-speed; (2) need low current to start and reduce the power equipment capacity; (3) Start smoothly 
and eliminate the machinery impact and protect mechanical equipments; (4) protect motor and reduce the 
motor maintenance cost; (5) have the significant effect of saving electric power and energy. 
2.3 Design of the AC adjustable speed drive structure 
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AC motor has the following advantages: (1) achieve higher speed limit and motor power and make the 
equipment operation power strengthened greatly; (2) reduce the power consumed by motor inertial torque; 
(3) simple design, small size, light weight, easy to configure and maintain. 
In AC Speed Adjustable motor, electromagnetic power is divided into effective power and slip power 
of the loading-actuating. Effective power and slip power are directly proportional, and can be divided into 
the types of consumption, feedback, slip and invariant. The FGR 135-50-6 three-phase AC motor 
(0.1047kw, 50Hz, 75V and 1000r/min) is used as the main transmission gear whose variable frequency 
range is between 25-220Hzl; the three-phase AC high-speed motor is used as the main vice-electrical 
transmission gear whose variable frequency range is between 25 -310 Hz. 
2.4 Design of Intelligent PID controller 
The controller, formed from the combination of the intelligence technology and the conventional PID 
controller, is called as the intelligent PID controller. Its feature is that PID changes or adjusts Kp, KI and 
KD through the self-study way, and hence analyzes the influence of parameters on the system performance 
as shown in figure 3. 
 
Figure 3: The Intelligent PID Controller Structure of Comber Transmission System 
2.5 Design of intelligent PID controller structure based on BP neural network 
(1) PID control algorithm: The discrete form of the traditional PID control algorithm is as follows. 
 
In the above equation, u (k) is the output of adjuster in the kth sampling. K is the sampling number 
(k=0, 1, 2…; KP), and KP is the adjuster scale factor; e (k) is the error value in the kth sampling; T is the 
sampling period; TD is the differential time; TI is the integral time.
K1=KP×T/T1，KD=KP×TD/T, write the above equation into the incremental control 
ΔU (k) =U (k)-U (k-1) 
=KP[e(k)-e(k-1)]+K1e(k)+KD[e(k)-2e(k-1)+e(k-2)] 
Thus, from the above, U(k)=U(k-1)+ΔU(k)can be gained. 
(2) Intelligent PID controller structure based on BP neural network: First, neural network has quite strong 
adaptive ability and parallel processing ability. Second, BP neural network is approximate to nonlinear 
function and has an intuitive and easy structure, so neural network is introduced into PID controller. PID-
NN structure is mainly composed of the PID controller NN network. The controller parameters (KP, KI, 
KD) change in real time, namely, the parameters change with the changes of states. Thus, the non-linear 
function about KP, KI, and KD, e (k), e (k-1), e (k-2) and u (k-1) can be gained below. 
u(k)=f{KP,KI,KD,e(k),e(k-1),e(k-2),u(k-1)} 
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The nature of the NN network is finding an optimal control state through the self-study way of the BP 
network. Hence, KP, KI, and KD can gain the best values. The intelligent PID controller structure based on 
BP neural network is as shown in figure 4. 
 
Figure 4: The PID Controller Structure based on BP Neural Network 
3. Design and implementation of intelligent PID system software 
3.1 Software demand analysis 
According to the requirements of the production process, the system should have the following 
functions: (1) display the actual operating process parameters online; (2) all process parameters can be set 
and changed no matter the system is being operated; (3) the error between the system setting value and the 
roller rotate speed should be controlled in 5% if a load happens; (4) the rotate speeds of all rollers should 
keep stable when the system is started/suspended; (5) set the main quality parameter database of the 
comber slivers; (6) set the communication interface and make the system connected with internet to 
realize the remote-distance quality monitoring. 
3.2 Main functions implemented by software 
The main functions implemented by software are as follows: (1) displaying function, to display the 
technological process, measurement values and alarm, and adjusting the menu; (2) alarm processing and 
report generation function (there is a real-time alarm function if an error happens); (3) database storage 
and access function, to automatically create a historical database each time the system is in operation and 
keep records based on seconds and to realize the real-time data storage of on-site data; (4) the menu 
system can change and store the control parameters and system calibration, to realize an undisturbed 
switch among automatic,  semiautomatic and manual operation models; (5) administration privilege 
function, to realize the system management authority at different levels. 
3.3 The main program structure of the system 
According to the overall design and software requirements of the system, the software system module 
structure can be decided, as shown in the figure 5. 
 
Figure 5: The Structure of the Software Functions 
(1) Configuration of I/O equipment 
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To make controlling function and I/0 equipment communicated, it is necessary to add it to the 
equipment list. In the processing of using VB programming, the embedded equipment management 
program is responsible for the real-time data exchange with I/O equipment. 
(2) Animation connection 
Animation connection is the related relation among graphical object, database variable and expressions. 
To set an animation connection, it is only necessary to write the programs. A graphical object can define 
multiple animation connections at the same time and hence realizes a complex function. Also, access 
privilege can be set for the graphical object with animation connection, to enhance the system security. 
4. The application of control variables 
In the industrial control system, the on-site production conditions are reflected through the pre-defined 
variables, and these data can be continuous and also discrete. To realize such a function, the control 
software is required to support multiple variable types. The I/O input device is mainly providing rotate 
speed, specific product location and other information; the I/O output equipment is mainly for the on-site. 
The control of some on-site information can be completed through the operation of I/O equipment’s 
programs, namely, the I/O variable value reflects information. The information/data acquired by I/O 
equipment mainly comes from the industrial on-site monitoring or control units; the commands given by 
operator or application are transferred by I/O variables to the industrial on-site monitoring device, and 
these variables are corresponding to the working station numbers or data points. Therefore, I/O variables 
undertake the task of data exchange among control software, control equipment or other applications. This 
data exchange is two-way and dynamic. Thus, the data collected from sites and the commands given to 
execution departments are necessary to be set into I/O variables. 
5. Conclusion 
The high-efficacy comber has obvious advantages in production speed and product quality and also has 
the strong product adaptability. At present, the difference between the technological process level and 
equipment processing technology of the home-made comber and the world's advanced level is reduced 
gradually. Chinese enterprises make use of new combing technologies to renovate existing combers, to 
improve the technological level and combed yarn quality of the combing equipments when actively 
promoting the high-efficacy comber. The intelligent PID system development of the high-efficacy comber 
will improve the comber automatic control technology, gain a considerable economic benefit, and also has 
a significant promotion role in the technical innovation of the traditional textile industry. 
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